Introduction
Intestinal neuroendocrine tumors (NETs) constitute a heterogeneous group with duodenal, small intestinal, colonic and rectal NETs. In the most recent SEER register (SEER-17), more than half of all NETs, i.e. 61%, were gastroenteropancreatic neuroendocrine tumors (GEP-NETs), with the highest frequency being found in the rectum (17.7%), the small intestine (17.3%), and the colon (10.1%) [1] . The tumor biology varies with the location of the primary tumors as well as with the grade and staging of the tumors. The malignant potential ranges from the most benign types of tumor to small intestinal tumors and up to colonic neuroendocrine carcinoma (NEC) with very malignant behavior [2] . The tumors are graded according to the classification system of the World Health Organization (WHO), whereas a new classification system is just being accepted. The tumors are divided into grade 1 NET (NET-G1), with a proliferation <3%, NET-G2 with a proliferation between 3 and 20%, NET-G3, which is a new group with a Ki-67 >20%, and finally NEC-G3, exhibiting a Ki-67 of >20% as well (unpublished data). Of note, the difference between NET-G3 and NEC-G3 is mainly the degree of differentiation. NET-G3 are well-differentiated tumors, often with expression of somatostatin receptors. NEC-G3 are poorly differentiated tumors that usually lack expression of somatostatin receptors. Furthermore, the tumors are classified according to the staging systems ENETS and UICC (Union for International Cancer Control)/ AJCC (American Joint Committee on Cancer) depending on the spread of the disease [3] [4] [5] . The genetic background information on intestinal NETs is still limited. It is well known that small intestinal NETs display chromosomal losses on chr 18 and cyclindependent kinase inhibitor mutations [5, 6] . However, genetic changes, such as mutations, are very rare in this group of tumors. When they become more malignant, such as NEC-G3, more genetic changes are found, e.g. Rb and TP 53 mutations [7, 8] . Epigenetic changes (DNA methylation) are noticed in methyl guanine methyl transferase (MGMT), ras association domain family
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Summary
Intestinal neuroendocrine tumors (NETs) constitute a heterogeneous group with duodenal, small intestinal, colonic and rectal NETs. They constitute more than half of all NETs, with the highest frequencies in the rectum, small intestine, and colon. The tumor biology varies with the location of the primary tumor as well as with the grade and staging of the tumor. Small intestinal NETs usually present low proliferation and are treated in the first line with somatostatin analogs according to current guidelines. If progression occurs, one can add interferon alpha or change the treatment to everolimus. Peptide receptor radionuclide therapy (PRRT) with Lutetium 177 -DOTATATE can be an option in the future after registration of the compound. Rectal tumors are usually small when they metastasize; they can be treated with somatostatin analogs but more so with PRRT, while another option is of course everolimus. Colonic NETs are more aggressive than the rest of intestinal NETs and will be treated with everolimus, sometimes in combination with somatostatin analogs based on positive scintigraphy. Another option is a cytotoxic agent such as streptozotocin plus 5-fluorouracil (5-FU) or temozolomide plus capecitabine. The most aggressive tumors, i.e. neuroendocrine carcinoma G3, are treated with a platin-based therapy plus etoposide; if they present with a lower proliferation, i.e. <50%, temozolomide plus capecitabine plus bevacizumab can also be attempted. Duodenal NETs are mostly treated similar to pancreatic NETs, either with cytotoxic agents, streptozotocin plus 5-FU, or temozolomide plus capecitabine, or with targeted agents such as everolimus.
1A (RASSF1A), and cyclin-dependent kinase inhibitor 2A (CD-KN2A) [9, 10] . Intestinal NETs express a number of G-proteincoupled receptors where the somatostatin receptors are the most frequent and target for correct staging of the disease, evaluation of therapeutic responses, and treatment [11, 12] .
Small Intestinal Tumors (SI-NETs Ileum, Jejunum)

Somatostatin Analogs
The medical treatment is very important for small intestinal NETs (SI-NETs) since more than 60% of the patients present with metastatic disease at diagnosis [13, 14] . The first-line treatment for SI-NETs is somatostatin analogs, both to control clinical symptoms related to hormone hypersecretion and to control the tumor growth [15] [16] [17] [18] [19] [20] . Short-acting octreotide (developed in 1982) was the first agent used for the successful control of symptoms associated with carcinoid tumors [21] . Later on, a long-acting formulation of octreotide was developed, i.e. octreotide LAR, showing similar efficacy as the short-acting formulation in the treatment of carcinoid syndrome. Today, octreotide LAR has replaced the treatment with short-acting octreotide [17, 22] . Sometimes short-acting forms might be added to the long-acting formulation to control clinical symptoms such as flushing and diarrhea. Old data from studies of octreotide in GEP-NETs conducted between 1986 and 2004 indicated that up to 70% of the patients experience resolution of diarrhea or flushing with octreotide treatment [16] . Lanreotide, another somatostatin analog, has a similar efficacy as octreotide in reducing flushes and diarrhea. Patients with carcinoid syndrome achieve a relief of symptoms in up to 80%. Today, lanreotide only exists as a long-term formulation (Somatuline autogel) [23] . With the introduction of somatostatin analogs, there was a growing body of evidence that they might also improve survival in patients with SI-NETs as well as other slow-growing GEP-NETs [15, 16] . The antitumor effect of octreotide in clinical studies of patients indicated that with the use of somatostatin analogs in SI-NETs, stabilization of tumor growth occurred in about 50% of the patients while only 10% showed tumor regression. A recent review that analyzed trials conducted between 1987 and 2011 revealed that stable disease in patients with well-differentiated functioning and non-functioning GEP-NETs was achieved in up to 86% when treated with octreotide subcutaneous or LAR [24] . A tumor reduction was noticed in 11% of the patients. For lanreotide autogel, a study with well-differentiated GEP-NETs showed stable disease and partial tumor response in 89 and 4% of the patients, respectively [23] . PROMID was the first large trial to confirm the antitumor effect of octreotide LAR in a randomized setting in 95 treatment-naive patients with well-differentiated SI-NETs. The medium time to tumor progression was significantly extended, i.e. 14.3 months for octreotide LAR (30 mg/month) compared with 6 months for placebo. Stable disease was observed in 67 or 37% of the patients treated with octreotide LAR or placebo, respectively. The antitumor response was more pronounced in patients with a hepatic tumor burden of <10%. No difference in response was reported between functioning and non-functioning SI-NETs [18] . The antiproliferative effect of lanreotide autogel in patients with GEPNETs was evaluated in the so-called CLARINET study, which is a phase III randomized study, confirming the antitumor efficacy of somatostatin analogs. 204 medically naïve patients with welldifferentiated or moderately differentiated non-functioning tumors were treated with autogel 120 mg or placebo every 4 weeks. Medium progression-free survival (PFS) was not reached with lanreotide autogel after 2 years versus 18 months with placebo. After 2 years of treatment, the estimated rates of PFS were 65.1 and 33% in the lanreotide autogel and placebo groups, respectively [19] . There was a major difference between the PROMID and the CLARINET study accounting for the longer PFS observed in the latter study. The population in the CLARINET study was more heterogeneous, including not only SI-NETs but also pancreatic NETs with a Ki-67 value of <10%. The patients also had a clinically stable disease when starting the study. In the PROMID study, some patients showed progressing disease while some had stable disease. With almost three decades of clinical experience with somatostatin analogs, a well-established safety profile can be noted. Gastrointestinal complaints are the most frequent side effects; these are light to moderate in severity, can be attributed to drug-induced disruption of GEP hormone signaling, and reduce the secretion of digestive enzymes. Altered secretion of cholecystokinin can lead to abnormalities in the biliary system, and development of sludge and gallstones has been reported in about half of the patients [25] . Other side effects, which are rather rare, are bradycardia and impaired glucose tolerance. Pasireotide LAR, another somatostatin analog which binds to 4 out of 5 somatostatin receptors, has demonstrated symptom control in patients with SI-NETs in a phase II multicenter study in 44 patients with advanced SI-NETs whose symptoms were refractory or resistant to regular doses of octreotide LAR up to 30 mg. Pasireotide treatment provides relief of symptoms such as diarrhea and flushing in 27% of the patients [26] . Additionally, in a phase III study of pasireotide LAR versus high-dose (40 mg) octreotide LAR in 110 patients with advanced GEP-NETs whose disease-related symptoms were uncontrolled by first-generation somatostatin analogs at maximum approved doses, pasireotide LAR and octreotide had a similar effect on symptom control [27] . Further development of pasireotide LAR in GEP-NETs is on hold, and the precise role of this somatostatin analog in the future treatment of SI-NETs is uncertain. The incorporation of somatostatin analogs into radiopharmaceuticals allows for targeted delivery of radiation to somatostatin receptor-expressing tumors. The efficacy of Lu 177 -DOTATATE, a Lutathera ® conjugate consisting of octreotate radiolabeled with Lu 177 , has been evaluated in patients with advanced SI-NETs in the NETTER-1 phase III study. 229 patients were randomized to receive Lu 177 -DOTATATE or combined with octreotide LAR 30 mg. There were significant differences in both PFS and response rate as well as in the overall survival (in the interim analysis) in favor of Lu 177 -DOTATATE [28] proved for SI-NETs by the European Medicines Agency (EMA) and the Food and Drug Administration (FDA), it might be considered as a second-line therapy.
Interferon Alpha
Interferon alpha is a second-line therapy in NETs that are functionally active with low proliferation capacity, such as SI-NETs and well-differentiated pancreatic NETs with low proliferation [29, 30] . It is recommended to use interferon alpha as add-on therapy to somatostatin analogs in functional tumors. The recommended dose of subcutaneous interferon alpha-2b is 3 × 3 to 3 × 5 million units per week. In patients that do not tolerate the conventional regimen, alternative pegylated interferon alpha (50-180 μg/week subcutaneous) can also be used [31] . Interferon alpha has an antiproliferative activity and may be considered for antiproliferative purposes if other approved drugs are unavailable, especially in SI-NETs [30] . Interferon alpha has been explored in comparison with bevacizumab for antiproliferative purposes in a large randomized trial of 400 patients with carcinoids (including different primary sites) who received octreotide LAR concomitantly (SWOG trial). The medium PFS as the primary endpoint was not different between those taking interferon alpha and those taking bevacizumab. This study confirms the antiproliferative activity of interferon alpha-2b in advanced gastrointestinal NET-G2 with progressive disease or with other poor prognostic features and with a medium PFS of 15.4 months reached in the interferon alpha arm [32] .
Novel Targeted Drugs
Everolimus can be recommended in advanced SI-NETs based on results from the RADIANT-4 trial, which is indicating that everolimus compared to placebo in non-functioning SI-NETs showed a superior PFS. This is further supported by data from the RADIANT-2 trial on advanced NETs associated with a carcinoid syndrome [33, 34] . The sequencing of everolimus as second-or third-line treatment for advanced intestinal NETs depends on other issues including the accessibility of PRRT. Individual patient selection is important, and it is a standard practice to combine targeted drugs with somatostatin analogs in functionally active neuroendocrine neoplasms (NENs). The aim of a combination therapy of everolimus and somatostatin analogs may not only be the inhibition of tumor growth but also improved syndrome control. A treatment algorithm is suggested in the ENETS guidelines [20] .
Other Therapy
Recently, the new compound telotristat ethyl, which is a tryptophan hydroxylase inhibitor that reduces the circulating levels of serotonin, has been introduced. In the Telstar and Telecast trials, patients with carcinoid syndrome and specific problems with diarrhea on recommended doses of somatostatin analogs received two doses of telotristat ethyl, i.e. 250 and 500 mg, versus placebo. There was a significant reduction in bowel movements but daily flushes remained unchanged; urinary 5-hydroxyindoleacetic acid levels as well as abdominal pain were significantly reduced [35] . The drug has now been registered in the USA for the treatment of patients with carcinoid syndrome. It will be interesting to see in the future if a reduction of serotonin will prevent the development of carcinoid heart disease as well.
Concluding Remarks
Somatostatin analogs are considered to be the first-line treatment in SI-NETs with low proliferation, usually less than 2% Ki-67. It can be combined with alpha interferon in patients that are resistant to somatostatin analogs. As a second-line treatment, data from the NETTER-1 study is supporting the use of PRRT in this group of patients; in patients which are lacking somatostatin receptor expression, however, everolimus might be an alternative. Combined therapies of somatostatin analogs and targeted agents such as everolimus are recommended in patients with more aggressive tumors as well as in those with a higher tumor burden.
Colorectal Neuroendocrine Tumors and Neuroendocrine Carcinoma
Rectal NETs occur more often than SI-NETs [1] , and the incidence is higher in patients from the Asia-Pacific region. It is important to realize that rectal NETs differ from colonic NETs. Rectal NETs are usually small (<2 cm) with localized disease and in general low to intermediate grade 1 or 2 (G1, G2). The 5-year survival rate is about 90%. In contrast, colonic NETs are often aggressive as well as poorly differentiated with higher grade (G3). Most NETs of the colon arise in the cecum and ascending colon. The overall survival (5 years) is 40-70% depending on the specific site and stage [36] . Poorly differentiated NECs (large and small cell) present 5-year survival rates similar to adenocarcinomas [37, 38] . The medical treatment of metastatic rectal NETs consists of a combination of everolimus and octreotide according to some data from the RADIANT-2 trial. It seems somewhat irrational to be using this combination in well-differentiated G1 and G2 rectal NETs but it remains to be verified [34] . Somatostatin analogs alone have also been applied. There is a small group of patients to be found in the CLARINET study; however, 14 cases of colorectal NETs are not enough to conduct an evaluation of the real benefit [19] . Nevertheless, many of the rectal NETs (G1 and G2) express a lot of somatostatin receptors (type 2). Therefore, radioactive treatment with Lu 177 -DOTATATE looks very promising, although no randomized control trial has been conducted so far. NEC-G3 constitute about 5% of all gastrointestinal tumors and have a Ki-67 >20% [37] . The highest frequency of NECs is in the colon, with 40 and 25% of the cases having metastases at the time of diagnosis, thus not being amenable to surgical cure [39] . Chemotherapy is the mainstay of care in metastatic disease. First-line therapy usually consists of cisplatin or carboplatin combined with etoposide. Other combinations of chemotherapy have been irinotecan/cisplatin and oxaliplatin-based therapies (XELOX/FOLFOX) or irinotecan-based FOL-FIRI regimens [40, 41] . Temozolomide alone or in combination with capecitabine or bevacizumab has been effective as second-or third-line treatment of NECs with a Ki-67 of <50% [42] .
Concluding Remarks
Rectal NETs are usually small well-differentiated tumors which can be treated locally. Metastatic tumors can be treated with everolimus or PRRT. Colonic NETs/NECs are usually treated with chemotherapy or targeted agents.
Gastroduodenal Neuroendocrine Tumors
Gastric NETs represent the most frequent digestive NETs and are increasingly detected due to expanding indications of upper gastrointestinal endoscopy [43, 44] . Often silent and benign, gastric NETs may still be aggressive and sporadic and may sometimes mimic the course of gastric adenocarcinoma [45] . Duodenal NETs may be sporadic or associated with multiple neuroendocrine neoplasia type 1 (MEN-1) and present with a functional syndrome such as Zollinger-Ellison syndrome (ZES). Other duodenal NETs might secrete somatostatin and be part of von Hippel-Lindau disease [46, 47] . New data indicate that gastric NETs and duodenal NETs represent 6.9 and 2% of all digestive NETs, respectively [43] . Well-differentiated gastric NETs may be divided into three types, whereas type 1 and type 2 are ECL-omas (enterochromaffin cell-like tumors) due to chronic hypergastrinemia associated with chronic gastritis, atrophic gastritis, or ZES. Type 3 gastric NETs are rare, sporadic, and not a consequence of an underlying gastric mucosal abnormality. They are mostly single, large lesions with high-grade metastatic potential (G3-NEC) [48] [49] [50] . The overall outcome in type 1 gastrointestinal NENs is excellent with a survival rate of almost 100%. The medical treatment of patients with type 1 gastric NETs includes therapy with somatostatin analogs and has been used in limited series which led to a regression of the tumor. Somatostatin analogs might be useful to treat patients with multiple small lesions that are hard to eradicate endoscopically [51] . The gastrin receptor antagonist netazepide has been shown to have antiproliferative properties in gastric NETs in non-controlled studies [52, 53] . For type 2 gastric NETs, treatment with both somatostatin analogs and netazepide is possible; yet again, randomized controlled studies are not available. In patients with type 3 gastric NETs, the disease is spread, whereas in stage 4 disease, systemic therapy is indicated based on differentiation. Systemic therapy in line with other gastrointestinal malignancies is recommended. For duodenal tumors, if metastatic and locally advanced, treatment with targeted agents such as everolimus can be attempted; otherwise, cytotoxic treatment with temozolomide, streptozotocin alone or in combination with 5-FU, or capecitabine are other options. Furthermore, PRRT with Lu 177 -DOTA-TATE can be applied, provided that the tumor has a significant expression of somatostatin receptors. No randomized controlled trials exist for this group of patients.
Concluding Remarks
Type 1 and 2 gastric NETs can be treated with somatostatin analogs or the gastrin receptor antagonist netazepide. For metastatic duodenal NETs and also gastric NEN-G3, systemic chemotherapy or targeted agents might be applied. However, limited data are still available regarding the value of these therapies. Radioactive treatment with PRRT can be applied in gastroduodenal NETs with a high expression of somatostatin receptors [53] .
Conclusion
Gastrointestinal NETs are a heterogeneous group of neoplasms with varying clinical and biological features. The treatment must be individualized for the subgroups of tumors as well as for the patients.
Glossary
-SEER: Surveillance, epidemiology, and end results.
-PROMID: Placebo-controlled, double-blind, prospective, randomized study on the effect of octreotide LAR in the control of tumor growth in patients with metastatic neuroendocrine midgut tumors. -CLARINET: Lanreotide antiproliferative response in patients with GEPNETs. -SWOG: A National Cancer Institute(NCI)-supported organization that conducts clinical trials in adult cancers (formerly the Southwest Oncology Group). -RADIANT-2: A randomized, double-blind placebo-controlled, multicenter phase III study in patients with advanced carcinoid tumor receiving octreotide depot and everolimus 10 mg/day or octreotide depot and placebo.
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